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ABSTRACT 

AholloW plastic product With a substantially tubular section, 
tWo open ends and a thread at the outside of one end of the 
product is removed from a core mold part by closing the 
threaded end of the molded product and injecting com 
pressed air into the molded product to loosen the molded 
product from the core mold part. The threaded end of the 
product is closed by attaching a closure having a matching 
thread onto the threaded end. 
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REMOVAL FROM CORE MOLD PART OF 
TUBULAR INJECTION MOLDED PLASTIC 

PRODUCT FORMED WITH TWO OPEN ENDS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a divisional of co-pending application Ser. 
No. 10/813,970 ?led Mar. 31, 2004. 

BACKGROUND OF THE INVENTION 

[0002] The present invention generally pertains to injec 
tion molding of plastic products and is particularly directed 
to removal from a core mold part of a holloW injection 
molded product having a substantially tubular section that is 
formed in the mold cavity With tWo open ends. 

[0003] One process of manufacturing a holloW plastic 
product With a substantially tubular section includes the 
steps of: 

[0004] (a) providing a cavity mold part With a generally 
cylindrical portion for forming at least an outside segment of 
the substantially tubular section of the product; 

[0005] (b) providing a core mold part With a generally 
cylindrical portion for forming at least an inside segment of 
the substantially tubular section of the product; 

[0006] (c) combining the cavity mold part With the core 
mold part to con?gure a mold cavity for forming a product 
With a substantially tubular section; 

[0007] (d) injecting plastic material into the mold cavity to 
form the molded plastic product; and 

[0008] (e) separating the core mold part from the cavity 
mold part While retaining the molded product on the core 
mold part; and 

[0009] removing the molded product from the core 
mold part. 

[0010] It is difficult to remove a molded product With a 
substantially tubular section from the core mold part because 
the injected plastic material shrinks upon cooling Within the 
mold cavity and thereby causes the substantially tubular 
section of the molded product to adhere tightly to the 
generally cylindrical portion of the core mold part. Such 
difficulty is especially severe When the tubular section of the 
molded product is very thin and ?exible. 

[0011] It is knoWn in the prior art to inject compressed air 
into an injection-molded holloW plastic product that is 
formed in the mold cavity With a substantially tubular 
section, one open end and one closed end in order to loosen 
the product from the core mold part. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides a process of remov 
ing an injection-molded holloW plastic product With a sub 
stantially tubular section, tWo open ends and a thread at the 
outside of one end of the product from a core mold part, the 
process comprising the steps of: 

[0013] (a) closing the threaded end of the molded product; 
and 
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[0014] (b) injecting compressed air into the molded prod 
uct to loosen the molded product from the core mold part. 

[0015] Additional features of the present invention are 
described With reference to the detailed description of the 
preferred embodiments. Some of these additional inventive 
features that are not claimed herein are reserved for divi 
sional patent applications. 

BRIEF DESCRIPTION OF THE DRAWING 

[0016] FIG. 1 is a partial sectional vieW of a mold in 
Which cavity and core mold parts are combined for con?g 
uring a mold cavity in accordance With one preferred 
embodiment of the present invention, With the mold cavity 
being shoWn as con?gured at the commencement of injec 
tion of the plastic material. 

[0017] FIG. 2 is an end vieW of the right end of the core 
mold part shoWn in FIG. 1. 

[0018] FIG. 3 is a partial sectional vieW of the mold of 
FIG. 1, With the mold cavity being shoWn as recon?gured 
for injection of plastic material during an early portion of the 
injection cycle While the core mold part is being centered 
Within the cavity mold part. 

[0019] FIG. 4 is a partial sectional vieW of the mold of 
FIG. 1, With the mold cavity being shoWn as con?gured for 
further injection of plastic material. 

[0020] FIG. 5 is a partial sectional vieW of the mold of 
FIG. 1, With the mold cavity being shoWn as recon?gured by 
retraction of the inner core prior to separation of the core 
mold part from the cavity mold part after the plastic product 
has been molded in the mold cavity. 

[0021] FIG. 6 is a partial vieW of the core mold part shoWn 
in FIG. 1 after the core mold part has been separated from 
the cavity mold part While retaining the molded product on 
the core mold part, Wherein the inner core is still retracted 
When compressed air is initially injected to help remove the 
product from the core mold part. 

[0022] FIG. 7 is a partial vieW of the core mold part 
subsequent to the vieW shoWn in FIG. 6 Wherein the inner 
core is protracted to further help remove the molded product 
from the core mold part and compressed air is further 
injected to still further help remove the product from the 
core mold part. 

[0023] FIG. 8 is a plan vieW of one preferred embodiment 
of an injection-molded product manufactured in accordance 
With the present invention. 

[0024] FIG. 9 is a partial sectional vieW of a mold in 
Which cavity and core mold parts are combined for con?g 
uring a mold cavity in accordance With another preferred 
embodiment of the present invention, With the mold cavity 
being shoWn as con?gured prior to commencement of 
injection of the plastic material. 

[0025] FIG. 10 is an end vieW of the right end of the core 
mold part shoWn in FIG. 9. 

[0026] FIG. 11 is a partial sectional vieW of the mold of 
FIG. 9, With the mold cavity being shoWn as recon?gured 
for injection of plastic material during an early portion of the 
injection cycle While the core mold part is being centered 
Within the cavity mold part. 
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[0027] FIG. 11A is an enlarged vieW of the portion of 
FIG. 11 shown Within circle 11A. 

[0028] FIG. 12 is a partial sectional vieW of the mold of 
FIG. 9, With the mold cavity being shoWn as recon?gured 
for further injection of plastic material. 

[0029] FIG. 13 is a partial sectional vieW of the mold of 
FIG. 9, With the mold cavity being shoWn as recon?gured 
for still further injection of plastic material to form the 
closed end of the molded product. 

[0030] FIG. 14 is a partial sectional vieW of the mold of 
FIG. 9, With the mold cavity being shoWn as recon?gured by 
retraction of the inner core prior to separation of the core 
mold part from the cavity mold part after the plastic product 
has been molded in the mold cavity. 

[0031] FIG. 15 is a partial vieW of the core mold part 
shoWn in FIG. 9 after the core mold part has been separated 
from the cavity mold part While retaining the molded 
product on the core mold part, Wherein the inner core is still 
retracted When compressed air is initially injected to help 
remove the product from the core mold part. 

[0032] FIG. 16 is a partial vieW of the core mold part 
subsequent to the vieW shoWn in FIG. 15, Wherein the inner 
core is protracted to further help remove the molded product 
from the core mold part and compressed air is further 
injected to still further help remove the product from the 
core mold part. 

[0033] FIG. 17 is a partial sectional vieW of a mold in 
Which cavity and core mold parts are combined for con?g 
uring a mold cavity in accordance With still another pre 
ferred embodiment of the present invention, With the mold 
cavity being shoWn as con?gured prior to commencement of 
injection of the plastic material. 

[0034] FIG. 18 is an end vieW of the right end of the core 
mold part shoWn in FIG. 17. 

[0035] FIG. 19 is a partial sectional vieW of the mold of 
FIG. 17, With the mold cavity being shoWn as recon?gured 
for injection of plastic material during an early portion of the 
injection cycle While the core mold part is being centered 
Within the cavity mold part. 

[0036] FIG. 20 is a partial sectional vieW of the mold of 
FIG. 17, With the mold cavity being shoWn as recon?gured 
for further injection of plastic material. 

[0037] FIG. 21 is a partial sectional vieW of the mold of 
FIG. 17, With the mold cavity being shoWn as recon?gured 
for still further injection of plastic material to form the 
closed end of the molded product. 

[0038] FIG. 22 is a partial sectional vieW of the mold of 
FIG. 17, With the mold cavity being shoWn as recon?gured 
by retraction of the inner core prior to separation of the core 
mold part from the cavity mold part after the plastic product 
has been molded in the mold cavity. 

[0039] FIG. 23 is a partial vieW of the core mold part 
shoWn in FIG. 17 after the core mold part has been separated 
from the cavity mold part While retaining the molded 
product on the core mold part, Wherein the inner core is still 
retracted When compressed air is initially injected to help 
remove the product from the core mold part. 
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[0040] FIG. 24 is a partial vieW of the core mold part 
subsequent to the vieW shoWn in FIG. 23 Wherein the inner 
core is protracted to further help remove the molded product 
from the core mold part and compressed air is further 
injected to still further help remove the product from the 
core mold part. 

[0041] FIGS. 25 to 30 illustrate a process of removing an 
injection-molded holloW plastic product With a substantially 
tubular section, tWo open ends and a thread at the outside of 
one end of the product from a core mold part in accordance 
With the other aspect of the present invention. 

DETAILED DESCRIPTION 

[0042] One preferred embodiment of the present invention 
is described With reference to FIGS. 1 to 7. A mold 10 
includes a cavity mold part 12 and a core mold part 14, 
Which are combined for con?guring a mold cavity 16. The 
mold cavity 16 is con?gured and recon?gured during dif 
ferent stages of the manufacturing process to have different 
shapes and siZes. The core mold part 14 includes an inner 
core 18 and an outer core 20. The inner core 18 and the outer 
core 20 are independently movable With respect to each 
other and With respect to the cavity mold part 12. 

[0043] The cavity mold part 12 is combined With the core 
mold part 14 as shoWn in FIGS. 3 and 4 to con?gure and 
recon?gure the mold cavity 16 for forming a molded product 
holloW plastic product 22 With a substantially tubular thin 
Wall section 24, one open end 26, one closed end 27 and a 
thread 28 at the outside of the closed end 27 of the molded 
product 22, as shoWn in FIGS. 5-7. The portion of the mold 
cavity 16 that forms the open end 26 of the molded product 
22 is located betWeen the outer core 20 and a section 31 of 
the core mold part 14. 

[0044] The cavity mold part 12 includes a generally cylin 
drical portion 30 for forming at least an outside segment of 
the substantially tubular section 24 of the molded product 
22, a thread-forming portion 32 for forming the thread 28 on 
the outside of a neck 29 of the molded product 22, a 
shoulder-forming portion 33 for forming the outside of a 
shoulder 34 extending betWeen the substantially tubular 
section 24 and the neck 29 of the molded product 22 and a 
conical end portion 36 for forming the outside of the closed 
end 27 of the molded product 22. 

[0045] The outer core 20 of the core mold part 14 includes 
a generally cylindrical portion 38 for forming at least an 
inside segment of the substantially tubular section 24 of the 
product 22 and a shoulder-forming portion 39 for forming 
the outside of the shoulder 34. 

[0046] The inner core 18 of the core mold part 14 includes 
a generally cylindrical portion 40 for forming the inside of 
the neck 29 of the molded product 22 lying inside the thread 
28 and a conical end portion 42 for forming the inside of the 
closed end 27 of the molded product 22. The inner core 18 
forms the inside of the neck 29 and the inside of the closed 
end 27 When the inner core 18 is almost fully protracted, as 
shoWn in FIGS. 3 and 4. 

[0047] The mold cavity 16 also includes a plurality of How 
leaders 44 extending radially from a gate 45 and a plurality 
of How guides 46. The How guides 46 are disposed for 
directing injected plastic material into a thin-Wall portion of 
the mold cavity 16 that forms the substantially tubular 
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thin-Wall section 24 of the product 22. In this embodiment, 
the thin-Wall section 24 of the product may be injection 
molded in the manner described in US. Pat. No. 6,599,460, 
the disclosure of Which is incorporated herein by reference 
thereto. 

[0048] At the commencement of injection of plastic mate 
rial from an injection unit (not shoWn), the inner core 18 and 
the outer core 20 are fully protracted to con?gure the mold 
cavity 16 as shoWn in FIG. 1 in order to block How of the 
plastic material Within the mold cavity 16 and thereby 
compress the injected plastic material Within the injection 
unit and the runner system (not shoWn) so that injection of 
the plastic material into the thin-Wall section of the mold 
cavity 16 is faster When such blockage is ended by partially 
WithdraWing the inner core 18. 

[0049] When the injected plastic material is suitably com 
pressed, the inner core 18 is partially WithdraWn to the 
protracted position shoWn in FIG. 3 to enable the injected 
plastic material to How Within the mold cavity 16 to form the 
closed end 27 and the neck 29 of the molded product 22, and 
to How through the How leaders 44 to the How guides 46 and 
thence to the other end of the mold cavity 16 that forms the 
open end 26 of the molded product 22 to thereby form the 
substantially tubular section 24 of the molded product 22. 

[0050] The outer core 20 remains fully protracted in 
contact With the cavity mold part 12 to thereby stabiliZe the 
core mold part 14 With respect to the cavity mold part in 
order to control the position of the core mold part 14 Within 
the cavity mold part 12 and thereby the thickness of the 
substantially tubular section 24 of the molded product 22. In 
this embodiment, the inner core 18 and the outer core 20 
may be retracted and protracted by hydraulic means and/or 
in the manner described in US. Pat. No. 4,867,672, the 
disclosure of Which is incorporated herein by reference 
thereto. 

[0051] When the substantially tubular section 24 of the 
molded product 22 has been formed, the outer core 20 is 
retracted as shoWn in FIG. 4 to enable the injected plastic 
material to How Within the mold cavity 16 to form the 
shoulder 34 and thereupon complete the formation of the 
molded product 22. 

[0052] The molded product 22 is then alloWed to cool 
Within the mold cavity 16 prior to removing the molded 
product 22 from the mold 10. 

[0053] When the molded product 22 has cooled for a 
suitable duration, the inner core 18 is retracted as shoWn in 
FIG. 5 so that When the molded product 22 is removed from 
the cavity mold part 12, the neck 29 is compressed by the 
thread 28 to partially occupy the region of the mold cavity 
16 vacated upon removal of the inner core 18, Whereby the 
thread 28 may be removed from the cavity mold part 12 
Without damaging the thread 28. 

[0054] After the inner core 18 has been retracted, the core 
mold part 14 is separated from the cavity mold part 12 as 
shoWn in FIG. 6 to thereby remove the molded product 22 
from the cavity mold part 12 While retaining the molded 
product 22 on the core mold part 14. In one version, but not 
all versions, of this embodiment, compressed air is injected 
betWeen the molded product 22 and the cavity mold part 12 
to loosen the molded product 22 from the cavity mold part 
12 and thereby help the removal of the molded product 22 
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from the cavity mold part 12. The compressed air is injected 
through a channel 48 in one section 50 of the cavity mold 
part and thence through an air gap 51 of approximately 0.01 
mm betWeen tWo sections 50, 52 of the cavity mold part 12. 

[0055] Upon the molded product 22 being removed from 
the cavity mold part 12, a robotically operated product 
receiver (not shoWn) is moved into positions betWeen the 
cavity mold part 12 and the core mold part 14 to receive the 
molded product 22 When the molded product is removed 
from the core mold part 14. 

[0056] Compressed air is injected through the core mold 
part 14 into the closed end 27 of the molded product 22 to 
thereby at least help remove the molded product 22 from the 
core mold part 14. 

[0057] Referring to FIG. 6, the compressed air is ?rst 
injected through an outer channel 54 in the outer core 20. 
Because the end 27 of the molded product 22 is closed and 
the open end 26 is also closed by reason of being contained 
Within the portion of the mold cavity 16 located betWeen the 
outer core 20 and the section 31 of the core mold part 14, the 
initial injection of compressed air into the closed end 27 
causes the substantially tubular section 24 to tend to balloon 
aWay from the core mold part 14 and thereby at least helps 
remove the molded product 22 from the core mold part 14. 

[0058] Referring to FIG. 7, the inner core 18 is then 
protracted in relation to the outer core 20 to push against the 
neck 29 and as to increase the pressure Within the closed end 
27 to further help remove the molded product 22 from the 
core mold part 14 When such further help is necessary. Upon 
such protraction of the inner core 18 the inner channel 56 is 
opened, Whereupon the compressed air is injected through 
the inner channel 56 into the closed end 27 to thereby still 
further help remove the molded product 22 from the core 
mold part 14. 

[0059] After the molded product 22 has been removed 
from the core mold part 14, at least a portion of the closed 
end 27 is removed to thereby provide the molded product 22 
With a substantially tubular section 24, a neck 29 at one end 
27a and tWo open ends 26, 27a, as shoWn in FIG. 8. 

[0060] Another preferred embodiment of the present 
invention is described With reference to FIGS. 9 to 16. A 
mold 60 includes a cavity mold part 62 and a core mold part 
64, Which are combined for con?guring a mold cavity 66. 
The mold cavity 66 is con?gured and recon?gured during 
different stages of the manufacturing process to have dif 
ferent shapes and siZes. The core mold part 64 includes an 
inner core 68 and an outer core 70. The inner core 68 and the 
outer core 70 are independently movable With respect to 
each other and With respect to the cavity mold part 62. 

[0061] The cavity mold part 62 is combined With the core 
mold part 64 as shoWn in FIGS. 11 to 13 to con?gure and 
recon?gure the mold cavity 66 for forming a molded product 
holloW plastic product 72 With a substantially tubular thin 
Wall section 74, one open end 76, one closed end 77 and a 
thread 78 at the outside of the closed end 77 of the molded 
product 72, as shoWn in FIGS. 14-16. The portion of the 
mold cavity 66 that forms the open end 76 of the molded 
product 72 is located betWeen the outer core 70 and a section 
81 of the core mold part 64. 

[0062] The cavity mold part 62 includes a generally cylin 
drical portion 80 for forming at least an outside segment of 



US 2005/0218563 Al 

the substantially tubular section 74 of the molded product 
72, a thread-forming portion 82 for forming the thread 78 on 
the outside of a neck 79 of the molded product 72, a 
shoulder-forming portion 83 for forming the outside of a 
shoulder 84 extending betWeen the substantially tubular 
section 74 and the neck 79 of the molded product 72 and a 
conical end portion 86 for forming the outside of the closed 
end 77 of the molded product 72. 

[0063] The outer core 70 of the core mold part 64 includes 
a generally cylindrical portion 88 for forming at least an 
inside segment of the substantially tubular section 74 of the 
product 72 and a shoulder-forming portion 89 for forming 
the outside of the shoulder 84. 

[0064] The inner core 68 of the core mold part 64 includes 
a generally cylindrical portion 90 for forming the inside of 
the neck 79 of the molded product 72 lying inside the thread 
78 and a conical end portion 92 for forming the inside of the 
closed end 77 of the molded product 72. The inner core 68 
forms the inside of the neck 79 and the inside of the closed 
end 77 When the inner core 68 is protracted, as shoWn in 
FIGS. 11 and 12. 

[0065] The mold cavity 66 also includes a plurality of How 
leaders 93 extending radially from a gate 94, a plurality of 
circular throttles 95 and a plurality of How guides 96. The 
How guides 96 are disposed for directing injected plastic 
material into a thin-Wall portion of the mold cavity 66 that 
forms the substantially tubular thin-Wall section 74 of the 
product 72. In this preferred embodiment, the thin-Wall 
section 74 of the product may be injection molded in the 
manner described in US. Pat. No. 6,599,460. 

[0066] At the commencement of injection of plastic mate 
rial from an injection unit (not shoWn), the inner core 68 and 
the outer core 70 are fully protracted to con?gure the mold 
cavity 66 as shoWn in FIG. 9 in order to block How of the 
plastic material Within the mold cavity 66 and thereby 
compress the injected plastic material Within the injection 
unit and the runner system (not shoWn) so that injection of 
the plastic material into the thin-Wall section of the thin-Wall 
section of the mold cavity 66 is faster When such blockage 
is ended by partially WithdraWing the inner core 68. 

[0067] When the injected plastic material is suitably com 
pressed, the outer core 70 is partially WithdraWn as shoWn in 
FIGS. 11 and 11A to enable the injected plastic material to 
flow through the How leaders 93 into the neck-forming 
portion of the mold cavity 66 to form the neck 79 of the 
molded product 72, thence into the shoulder-forming portion 
of the mold cavity 66 to begin formation of the shoulder 84 
and thence to the How guides 96, Which direct the injected 
plastic material to the other end of the mold cavity 66 that 
forms the open end 76 of the molded product 72 to thereby 
form the substantially tubular section 74 of the molded 
product 72. The inner core 68 remains fully protracted in 
contact With the cavity mold part 62. The partial WithdraWal 
of the outer core 70 is to a position 0.2 mm from the fully 
protracted position shoWn in FIG. 9. In this embodiment, the 
inner core 18 and the outer core 20 may be retracted and 
protracted by hydraulic means and/or in the manner 
described in US. Pat. No. 4,867,672. 

[0068] The How of the injected plastic material through 
the How leaders 93 to the How guides 96 is throttled by the 
throttles 95 to control the position of the core mold part 64 
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Within the cavity mold part 62 in a manner similar to that 
described in US. Pat. No. 4,959,005 With reference to 
FIGS. 1 and 2 therein and thereby controls the thickness of 
the substantially tubular section 74 of the molded product 
72. The relevant disclosure of US. Pat. No. 4,959,005 is 
incorporated herein by reference thereto. 

[0069] When the substantially tubular section 74 of the 
molded product 72 has been formed, the outer core 70 is 
retracted as shoWn in FIG. 12 to enable the injected plastic 
material ?oWing Within the mold cavity 66 to complete 
formation of the shoulder 84, and the inner core 68 is 
partially WithdraWn to the protracted position shoWn in FIG. 
13 to enable the injected plastic material ?oWing Within the 
mold cavity 66 to form the closed end 77 of the molded 
product 72, and thereupon complete the formation of the 
molded product 72. The retraction of the outer core 70 is to 
a position 1.0 mm from the fully protracted position shoWn 
in FIG. 9. 

[0070] Although the retraction of the outer core 70 is 
shoWn in FIG. 12 as occurring before the partial WithdraWal 
of inner core 68, in alternative versions of this embodiment 
the retraction of the outer core 70 may occur after or 
simultaneously With the partial WithdraWal of inner core 68. 

[0071] The molded product 72 is then alloWed to cool 
Within the mold cavity 66 prior to removing the molded 
product 72 from the mold 60. 

[0072] When the molded product 72 has cooled for a 
suitable duration, the inner core 68 is retracted as shoWn in 
FIG. 13 so that When the molded product 72 is removed 
from the cavity mold part 62, the neck 79 is compressed by 
the thread 78 to partially occupy the region of the mold 
cavity 66 vacated upon removal of the inner core 68, 
Whereby the thread may be removed from the cavity mold 
part 62 Without damaging the thread 78. 

[0073] After the inner core 68 has been retracted, the core 
mold part 64 is separated from the cavity mold part 62 as 
shoWn in FIG. 14 to thereby remove the molded product 72 
from the cavity mold part 62 While retaining the molded 
product 72 on the core mold part 64. In one version, but not 
all versions, of this embodiment, compressed air is injected 
betWeen the molded product 72 and the cavity mold part 62 
to loosen the molded product 72 from the cavity mold part 
62 and thereby help the removal of the molded product 72 
from the cavity mold part 62. The compressed air is injected 
through a channel 98 in one section 100 of the cavity mold 
part and thence through an air gap 101 of approximately 
0.01 mm betWeen tWo sections 100, 102 of the cavity mold 
part 72. 

[0074] Upon the molded product 72 being removed from 
the cavity mold part 62, a robotically operated product 
receiver (not shoWn) is moved into positions betWeen the 
cavity mold part 62 and the core mold part 64 to receive the 
molded product 72 When the molded product is removed 
from the core mold part 64. 

[0075] Compressed air is injected through the core mold 
part 64 into the closed end 77 of the molded product 72 to 
thereby at least help remove the molded product 72 from the 
core mold part 64. 

[0076] Referring to FIG. 15, the compressed air is ?rst 
injected through an outer channel 104 in the outer core 70. 
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Because the end 77 of the molded product 72 is closed and 
the open end 76 is also closed by reason of being contained 
Within the portion of the mold cavity 76 located betWeen the 
outer core 70 and the section 81 of the core mold part 64, the 
initial injection of compressed air into the closed end 77 
causes the substantially tubular section 74 to tend to balloon 
aWay from the core mold part 64 and thereby at least helps 
remove the molded product 72 from the core mold part 64. 

[0077] Referring to FIG. 16, the inner core 68 is then 
protracted in relation to the outer core 70 to push against the 
neck 79 and as to increase the pressure Within the closed end 
77 to further help remove the molded product 72 from the 
core mold part 64 When such further help is necessary. Upon 
such protraction of the inner core 68 the inner channel 106 
is opened, Whereupon the compressed air is injected through 
the inner channel 106 into the closed end 77 to thereby still 
further help remove the molded product 72 from the core 
mold part 64. 

[0078] After the molded product 72 has been removed 
from the core mold part 64, at least a portion of the closed 
end 77 is removed to thereby provide the molded product 
With a substantially tubular section, a neck at one end and 
tWo open ends, as shoWn in FIG. 8. 

[0079] Another preferred embodiment of the present 
invention is described With reference to FIGS. 17 to 24. A 
mold 110 includes a cavity mold part 112 and a core mold 
part 114, Which are combined for con?guring a mold cavity 
116. The mold cavity 116 is con?gured and recon?gured 
during different stages of the manufacturing process to have 
different shapes and siZes. 

[0080] The core mold part 114 includes an inner core 118 
and an outer core 120. The inner core 118 and the outer core 
120 are independently movable With respect to each other 
and With respect to the cavity mold part 112. 

[0081] The cavity mold part 112 is combined With the core 
mold part 114 as shoWn in FIGS. 19 to 21 to con?gure and 
recon?gure the mold cavity 116 for forming a molded 
product holloW plastic product 122 With a substantially 
tubular thin-Wall section 124, one open end 126, one closed 
end 127 and a thread 128 at the outside of the closed end 127 
of the molded product 122, as shoWn in FIGS. 20-24. The 
portion of the mold cavity 116 that forms the open end 126 
of the molded product 122 is located betWeen the outer core 
120 and a section 131 of the core mold part 114. 

[0082] The cavity mold part 112 includes a generally 
cylindrical portion 130 for forming at least an outside 
segment of the substantially tubular section 124 of the 
molded product 122, a thread-forming portion 132 for 
forming the thread 128 on the outside of a neck 129 of the 
molded product 122, a shoulder-forming portion 133 for 
forming the outside of a shoulder 134 extending betWeen the 
substantially tubular section 124 and the neck 129 of the 
molded product 122 and a conical end portion 136 for 
forming the outside of the closed end 127 of the molded 
product 122. 

[0083] The outer core 120 of the core mold part 114 
includes a generally cylindrical portion 138 for forming at 
least an inside segment of the substantially tubular section 
124 of the product 122 and a shoulder-forming portion 139 
for forming the outside of the shoulder 134. 
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[0084] The inner core 118 of the core mold part 114 
includes a generally cylindrical portion 140 for forming the 
inside of the neck 129 of the molded product 122 lying 
inside the thread 128 and a conical end portion 142 for 
forming the inside of the closed end 127 of the molded 
product 122. The inner core 118 forms the inside of the neck 
129 and the inside of the closed end 127 When the inner core 
118 is protracted, as shoWn in FIGS. 19 and 20. 

[0085] The mold cavity 116 also includes a plurality of 
How leaders 143 extending radially from a gate 144, a 
plurality of spiral ?oW leaders 145 and a plurality of How 
guides 146. The How guides 146 are disposed for directing 
injected plastic material into a thin-Wall portion of the mold 
cavity 116 that forms the substantially tubular thin-Wall 
section 124 of the product 122. In this preferred embodi 
ment, the thin-Wall section 124 of the product may be 
injection molded in the manner described in US. Pat. No. 
6,599,460. 
[0086] At the commencement of injection of plastic mate 
rial from an injection unit (not shoWn), the inner core 118 
and the outer core 120 are fully protracted to con?gure the 
mold cavity 116 as shoWn in FIG. 17 in order to block How 
of the plastic material Within the mold cavity 116 and 
thereby compress the injected plastic material Within the 
injection unit and the runner system (not shoWn) so that 
injection of the plastic material into the thin-Wall section of 
the mold cavity 116 is faster When such blockage is ended 
by partially WithdraWing the inner core 118. 

[0087] When the injected plastic material is suitably com 
pressed, the outer core 120 is partially WithdraWn as shoWn 
in FIG. 19 to enable the injected plastic material to How 
through the radial ?oW leaders 143 into the neck-forming 
portion of the mold cavity 116 to form the neck 129 of the 
molded product 122, thence through the spiral ?oW leaders 
145 into the shoulder-forming portion of the mold cavity 116 
to begin formation of the shoulder 134 and thence to the How 
guides 146, Which direct the injected plastic material to the 
other end of the mold cavity 116 that forms the open end 126 
of the molded product 122 to thereby form the substantially 
tubular section 124 of the molded product 122. The inner 
core 118 remains fully protracted in contact With the cavity 
mold part 112. The partial WithdraWal of the outer core 120 
is to a position 0.2 mm from the fully protracted position 
shoWn in FIG. 17. In this embodiment, the inner core 18 and 
the outer core 20 may be retracted and protracted by 
hydraulic means and/or in the manner described in US. Pat. 
No. 4,867,672. 

[0088] The How of the injected plastic material through 
the radial ?oW leaders 143 to the How guides 146 controls 
the position of the core mold part 114 Within the cavity mold 
part 112 in a manner similar to that described in US. Pat. 
No. 4,959,005 With reference to FIGS. 5 and 6 therein to 
thereby control the thickness of the substantially tubular 
section 124 of the molded product 122. The relevant dis 
closure of US. Pat. No. 4,959,005 is incorporated herein by 
reference thereto. 

[0089] When the substantially tubular section 124 of the 
molded product 122 has been formed, the outer core 120 is 
retracted as shoWn in FIG. 20 to enable the injected plastic 
material ?oWing Within the mold cavity 116 to complete 
formation of the shoulder 134, and the inner core 118 is 
partially WithdraWn to the protracted position shoWn in FIG. 
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21 to enable the injected plastic material ?owing Within the 
mold cavity 116 to form the closed end 127 of the molded 
product 122, and thereupon complete the formation of the 
molded product 122. The retraction of the outer core 120 is 
to a position 1.0 mm from the fully protracted position 
shoWn in FIG. 17. 

[0090] Although the retraction of the outer core 120 is 
shoWn in FIG. 20 as occurring before the partial WithdraWal 
of inner core 118, in alternative versions of this embodiment 
the retraction of the outer core 120 may occur after or 
simultaneously With the partial WithdraWal of inner core 
118. 

[0091] The molded product 122 is then alloWed to cool 
Within the mold cavity 116 prior to removing the molded 
product 122 from the mold 110. 

[0092] When the molded product 122 has cooled for a 
suitable duration, the inner core 118 is retracted as shoWn in 
FIG. 21 so that When the molded product 122 is removed 
from the cavity mold part 112, the neck 129 is compressed 
by the thread 128 to partially occupy the region of the mold 
cavity 116 vacated upon removal of the inner core 118, 
Whereby the thread 128 may be removed from the cavity 
mold part 112 Without damaging the thread 128. 

[0093] After the inner core 118 has been retracted, the core 
mold part 114 is separated from the cavity mold part 112 as 
shoWn in FIG. 22 to thereby remove the molded product 122 
from the cavity mold part 112 While retaining the molded 
product 122 on the core mold part 114. In one version, but 
not all versions, of this embodiment, compressed air is 
injected betWeen the molded product 122 and the cavity 
mold part 112 to loosen the molded product 122 from the 
cavity mold part 112 and thereby help the removal of the 
molded product 122 from the cavity mold part 112. The 
compressed air is injected through a channel 148 in one 
section 150 of the cavity mold part and thence through an air 
gap 101 of approximately 0.01 mm betWeen tWo sections 
150, 152 of the cavity mold part 122. 

[0094] Upon the molded product 122 being removed from 
the cavity mold part 112, a robotically operated product 
receiver (not shoWn) is moved into positions betWeen the 
cavity mold part 112 and the core mold part 114 to receive 
the molded product 122 When the molded product is 
removed from the core mold part 114. 

[0095] Compressed air is injected through the core mold 
part 114 into the closed end 127 of the molded product 122 
to thereby at least help remove the molded product 122 from 
the core mold part 114. 

[0096] Referring to FIG. 23, the compressed air is ?rst 
injected through an outer channel 154 in the outer core 120. 
Because the end 127 of the molded product 122 is closed and 
the open end 126 is also closed by reason of being contained 
Within the portion of the mold cavity 116 located betWeen 
the outer core 120 and the section 131 of the core mold part 
114, the initial injection of compressed air into the closed 
end 127 causes the substantially tubular section 124 to tend 
to balloon aWay from the core mold part 114 and thereby at 
least helps remove the molded product 122 from the core 
mold part 114. 

[0097] Referring to FIG. 24, the inner core 118 is then 
protracted in relation to the outer core 120 to push against 
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the neck 129 and as to increase the pressure Within the 
closed end 127 to further help remove the molded product 
122 from the core mold part 114 When such further help is 
necessary. Upon such protraction of the inner core 118 the 
inner channel 156 is opened, Whereupon the compressed air 
is injected through the inner channel 156 into the closed end 
127 to thereby still further help remove the molded product 
122 from the core mold part 114. 

[0098] After the molded product 122 has been removed 
from the core mold part 114, at least a portion of the closed 
end 127 is removed to thereby provide the molded product 
With a substantially tubular section, a neck at one end and 
tWo open ends, as shoWn in FIG. 8. 

[0099] The preferred plastic material used for injection 
molding the product is polypropylene. Alternatively other 
plastic materials may be so used. 

[0100] In alternative embodiments, (a) the mold cavity is 
not blocked in order to compress the injected plastic material 
Within the injection unit and the runner system prior to 
injecting the plastic material into the thin-Wall section of the 
mold cavity, as described With reference to FIGS. 1, 9 and 
17, (b) the inner core is not protracted during removal of the 
molded product from the core mold part, as shoWn in FIGS. 
7, 16 and 24 and/or (c) the molded product may have many 
different shapes other than the shape illustrated herein. 

[0101] A preferred embodiment of a process of removing 
an injection-molded hollow plastic product 200 With a 
substantially tubular section 202, tWo open ends 204, 206 
and a thread 208 at the outside of one end 206 of the product 
200 from a core mold part 210 is described With reference 
to FIGS. 25-30. The product 200 may be molded in a 
manner similar to the molding of the products in the embodi 
ments described above With reference to FIGS. 1-24, With 
some modi?cations. 

[0102] The mold includes a core mold part 210 and a 
cavity mold part 212, Which are combined to con?gure and 
recon?gure a mold cavity in Which the product 200 is 
formed. The core mold part 210 includes an outer core 214 
and an inner core 216, as in the above-described embodi 
ments. HoWever, the core mold part 216 is modi?ed to 
include a center core 218 Within a sleeve 220. The outer core 
214, the center core 218 and the sleeve 220 are movable With 
respect to one another and With respect to the cavity mold 
part 212. The core mold part also includes inner and/or outer 
channels 221 through Which compressed air can be injected 
to help remove the molded product 200 from the core mold 
part 210. 

[0103] Although the product 200 is shoWn as having been 
molded With a closed end member 222 having a different 
shape than the conical closed end of the molded product in 
the above-described embodiments, in an alternative embodi 
ment, the closed end member 222 of the product 200 may be 
conical or still some other shape. The molded product 200 
may have many different shapes other than the shape illus 
trated herein. 

[0104] The cavity mold part 212 is modi?ed to include an 
ejector plate 224 that is separable from a cavity plate 226 
located at the end of the mold cavity part 212 that forms the 
outside of the threaded end 206 of the product 200. The 
ejector plate 224 is combined With a runner plate 228. 
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[0105] The con?guration of the mold upon the completion 
of the molding cycle is illustrated in FIG. 25. 

[0106] Referring to FIG. 26, the center core 218 is pro 
tracted While the ejector plate 224 and the runner plate 228 
are separated from the cavity plate 226 to remove the closed 
end member 222 from the molded product 200 to thereby 
provide the molded product 200 With tWo open ends 204, 
206. The removed closed end member 222 is momentarily 
retained by the ejector plate 224. 

[0107] After the core mold part 210 has been separated 
from the cavity mold part 212 to separate the molded 
product 200 from the cavity mold part 212 While retaining 
the molded product on the core mold part 210, as shoWn in 
FIG. 27, a ?rst robotic arm 230 is moved into a position 
betWeen the molded product 200 and the cavity mold part 
212 and a second robotic arm 232 is moved into a position 
betWeen the ejector plate 224 and the cavity plate 226. 
Preferably the ?rst robotic arm 230 and the second 232 are 
coupled to a common robotic component (not shoWn), are 
operated robotically, and are moved simultaneously into 
their respective positions. 

[0108] The ?rst robotic arm 230 includes a holder 233 for 
retaining a closure 234 having a thread 236 matching the 
thread 208 at the threaded end 206 of the product. Preferably 
the closure 234 is threaded plastic cap for the product 200. 
The ?rst robotic arm 230 also includes a port 240 for 
connection to a compressed air source (not shoWn). 

[0109] The second robotic arm 232 includes a chamber 
242 for receiving the removed closed end member 222 from 
the ejector plate 224 and a port 244 for connection to a 
suction device (not shoWn). 

[0110] Referring to FIG. 28, the ?rst robotic arm 230 is 
moved toWard the molded product 200 retained on the core 
mold part 210 in order to squeeZe the closure 234 onto the 
thread 208 of the molded product 200 and thereby closes the 
threaded end 206 of the molded product 200. At approxi 
mately the same time, the removed closed end member 222 
together With a cold sprue attached thereto are removed from 
the ejector plate 224 and the runner plate 228 by suction and 
are received in the chamber 242. 

[0111] Referring to FIG. 29, compressed air is injected 
through the channels 221 into the molded product 200 in the 
manner described above With reference to FIGS. 6, 15 and 
23 to loosen the molded product 200 from the core mold part 
210 and the ?rst robotic arm 230 is moved aWay from the 
core mold part 210 to remove the molded product 200 from 
the core mold part 210. 

[0112] Referring to FIG. 30, the ?rst robotic arm 230 is 
WithdraWn from the position betWeen the core mold part 210 
and the cavity mold part 212 and the second robotic arm 232 
is moved from the position betWeen the ejector plate 224 and 
the cavity plate 226. The ?rst robotic arm 230 thereby 
transfers the molded product 200 With the closure 234 
attached thereto from the position betWeen the core mold 
part 210 and the cavity mold part 212. The closure 234 may 
be retained on the product 200 While the product is ?lled 
With some substance and until after the open end 204 of the 
product 200 is closed. 

[0113] In one preferred embodiment the closure is a plastic 
cap that is injection molded in the injection molding system 
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in Which the product 200 is injection molded. The plastic 
caps are injection molded at the same average rate as the 
products 200 are injection molded. In one injection molding 
cycle a ?rst robotic arm 230 acquires a plastic cap 234 in the 
holder 233; and in the next injection molding cycle the ?rst 
robotic arm pushes the closure 234 onto the threaded end 
206 of a product 200. 

[0114] In an alternative embodiment, the ?rst robotic arm 
230 includes a closure that includes a thread, such as the 
thread 236, but Which can be opened to the port 240. In this 
embodiment, the closure is pushed onto the thread 208 at the 
threaded end 206 of the product 200 by moving the ?rst 
robotic arm 230 toWard the molded product 200 retained on 
the core mold part 214, as described With reference to FIG. 
28, to thereby close the threaded end 206 of the product 200. 
When compressed air is injected into the product 200 
through the channels 221, as described With reference to 
FIG. 29, compressed air also is injected into the product 200 
through the port 240 in the ?rst robotic arm 230 to help 
loosen the molded product 200 from the core mold part 210; 
and the ?rst robotic arm 230 is moved aWay from the core 
mold part 210 to remove the molded product 200 from the 
core mold part 210. 

[0115] The processes and apparatus described herein can 
be used advantageously With the injection-molding and 
other processes and apparatus described in Us. Pat. Nos. 
5,879,613; 5,858,286; 5,262,112; 5,149,482; 5,008,064; 
5,174,941 and 4,846,483 and US. patent application Ser. 
No. 10/715,618, ?led Nov. 18, 2003. 

[0116] The documents that are incorporated herein by 
reference thereto do not necessarily use the same terminol 
ogy as used herein. 

[0117] The bene?ts speci?cally stated herein do not nec 
essarily apply to every conceivable embodiment of the 
present invention. Further, such stated bene?ts of the present 
invention are only examples and should not be construed as 
the only bene?ts of the present invention. 

[0118] While the above disclosure contains many speci 
?cities that may or may not be common to all of the 
embodiments described herein, these speci?cities are not to 
be construed as limitations on the scope of the present 
invention, but rather as examples of the preferred embodi 
ments described herein. Other variations are possible and the 
scope of the present invention should be determined not by 
the embodiments described herein but rather by the claims 
and their legal equivalents. The claims require no implicit 
limitations. Each claim is to be construed explicitly as 
stated, or by its legal equivalent. 

[0119] Regarding the process claims, except for those 
steps that can only occur in the sequence in Which they are 
recited, and except for those steps for Which the occurrence 
of a given sequence is speci?cally recited or must be 
inferred, the steps of the process claims do not have to occur 
in the sequence in Which they are recited. 

1. A process of removing an injection-molded holloW 
plastic product With a substantially tubular section, tWo open 
ends and a thread at the outside of one end of the product 
from a core mold part, the process comprising the steps of: 
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(a) closing the threaded end of the molded product; and 

(b) injecting compressed air into the molded product to 
loosen the molded product from the core mold part. 

2. A process according to claim 1, Wherein step (a) 
comprises the step of: 

(c) attaching a closure having a matching thread onto the 
threaded end of the product. 

3. A process according to claim 2, Wherein step (c) 
comprises the step of: 

(d) robotically using a robotic arm to attach the threaded 
closure onto the threaded end of the product. 

4. Aprocess according to claim 3, Wherein the robotic arm 
includes the threaded closure. 
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5. A process according to claim 2, Wherein the threaded 
closure is a plastic cap. 

6. Aprocess according to claim 5, further comprising the 
step of: 

(d) injection molding the plastic cap in the injection 
molding system in Which the product is injection 
molded. 

7. A process according to claim 6, Wherein step (d) 
comprising the step of: 

(e) injection molding plastic caps at the same average rate 
as the products are injection molded. 


